Aplasia Cutis Congenita (ACC) is a rare condition characterized by the absence of a portion of skin at birth. Skin defects are usually small (0.5 to 3 cm) and located on the scalp. Although there can be other physical or genetic abnormalities, ACC is most often a benign isolated condition. Rarely is an underlying bony defect present, and this association increases the rate of complications. We report a case of a newborn male with ACC of the entire crown and vertex scalp, non-ossified parietal skull and dysplastic corpus callosum. The patient's skull and skin defects were treated non-surgically, and he recovered well.
Introduction
Aplasia Cutis Congenita (ACC) was first described in two sisters with skin defects of the lower extremities by Cordon in 1767. 1 In 1986, Frieden proposed a classification system for ACC with nine groups, based on lesion characteristics and associated malformations. 2 The pathophysiology is not completely understood, although intrauterine trauma, vascular compromise, infection, and teratogenic medications have all been implicated. 3 If formed early during gestation and partially healed before delivery, skin defects may appear atrophic or membranous. Most cases present at birth as focal ulcerations. Small areas of the ACC usually heal within a matter of weeks, as do the underlying bony defects that are occasionally present. Larger areas of scalp ACC may predispose to hemorrhage and infection, and thus may require surgical intervention.
Case
After an uncomplicated pregnancy and birth at 39 weeks and 2 days gestation at an outside hospital, a newborn male was noted to have an extensive tissue defect of the crown and vertex scalp. Upon transfer to our institution, he was subsequently diagnosed with ACC. The only medication taken by the infant's mother during pregnancy was ibuprofen; there was no maternal use of alcohol or drugs. All maternal pre-and peri-natal lab reports were within normal limits. There was no family history of skin problems or genetic abnormalities.
Upon examination, the affected area consisted of a membranous cover over the entire posterior-parietal region, with a pearly grey sheen and black crusts ( Figure 1) . Large, spongy, tortuous veins surrounded the large tissue defect, and a clear exudate was noted from the area. Palpation of the area showed soft tissue and no underlying bone.
The child was otherwise normal with no other cutaneous lesions, including persistent cutaneous marmorata or abnormalities of limbs or digits. He was alert and active, with normal vital signs. His length and weight were in the 3rd percentile, and his head circumference was in the 10th percentile. A thorough physical examination, including neurological examination, was entirely within normal limits. With the exception of a mildly elevated bilirubin, all metabolic and hematological laboratory panels were normal. Karyotype was 46,XY.
A skull x-ray showed a non-ossified parietal skull. Head ultrasound was interpreted with agenesis of the corpus callosum. Subsequent magnetic resonance imaging (MRI) showed that the corpus callosum was present but was dysplastic.
The area was treated initially with dressing changes consisting of a silver sulfadiazine ointment and a vaseline gauze.
During his first year of life, the patient was hospitalized thrice for fever with associated scalp erythema and swelling. Each time, the MRI showed an increased signal within the scalp overlying the vertex, consistent with a fluid collection. All cutaneous and blood cultures were negative, and the child improved quickly with antibiotics during each short hospital stay. Bleeding also occurred periodically from small arterioles overlying the defect, which were treated with pressure dressings. By 1 year of age, the area of ACC was well-healed and the underlying parietal bone partially ossified (Figure 2 ). The patient was doing well overall and meeting developmental milestones.
Discussion
We present a report of a patient with extensive ACC, large underlying bony defect and central nervous system (CNS) malformation (dysgenesis of the corpus callosum). The vast majority of cases of ACC are small, isolated skin defects occurring on the scalp. A small percentage of cases have associated bony skull defects; CNS malformations with ACC are rare. Here we discuss the incidence of cases of extensive scalp ACC, putative causative factors, associated problems, treatment and outcome.
There are a number of cases of ACC affecting large portions of the scalp (>3 Â 5 cm) reported in the literature. However, most of these cases have either identifiable potential causes [4] [5] [6] [7] [8] or other associated anomalies, such as limb abnormalities consistent with Adams-Oliver Syndrome, 9, 10 or other areas of ACC. 11 Of the cases without identifiable causes or other associated problems, none of the patients had a solitary area of scalp ACC that was as extensive as the patient we present. [12] [13] [14] [15] [16] [17] [18] [19] It is reported that only 15 to 20% of cases of scalp ACC are associated with an underlying bony defect. 2, 20 However, the frequency of an underlying osseous defect is higher in larger areas of ACC. 16 In the cases of extensive scalp ACC that we reviewed, 12 of the 16 cases (75%) had skull defects.
Small ACC without an underlying defect heals uneventfully with gradual epithelialization. If a bony defect is present, rates of complication increase, and the associated mortality has been estimated to be as high as 25 to 55%. 1, 21 Complications of large ACC with bony defect include sagittal sinus hemorrhage or thrombosis, site infection or meningitis. Death in cases of ACC is usually from sagittal sinus hemorrhage. This is especially a concern with midline lesions in which an eschar forms on the dura. As the eschar dries, tension on the dura can result in tears over the sagittal sinus and subsequent life-threatening hemorrhage.
In the 16 cases of large areas of scalp ACC that we reviewed, four patients experienced complications, including three episodes of hemorrhage. 5, 12, 18 There was one death, which was attributed to respiratory failure. 11 The treatment for ACC has long been controversial. Small areas of ACC usually heal well with alopecic scars and with no residual problems. Dressings with vaseline or silver sulfadiazine are adequate. Larger defects, which may be associated with underlying Figure 1 The patient's extensive skin defect of the vertex scalp as it was at birth. Figure 2 The patient at 7 months of age showing healed skin defect with alopecic scar.
Extensive Aplasia Cutis Congenita with skull defect A Burkhead et al abnormalities, require the consideration of more involved treatment. Factors such as size and location of the lesion, time since presentation as well as the patient's overall prognosis should be taken into account when deciding treatment plans. Management of a large skin defect in ACC can be conservative, with dressings as described above, or surgical options. Surgical options include skin grafts, 5, 6, 8 local flaps 7, 12, 13, 16, 18 or free flaps.
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Potential post-surgical problems encountered include sagittal sinus hemorrhage upon scar debridement, 18 flap necrosis 12,13 and graft loss. 5 Eight of the 16 reviewed cases of large scalp ACC described the surgical treatment of the skin defect: three split-thickness skin grafts, 5, 6, 8 three rotation flaps 7, 12, 13 and two advancement flaps. 16, 18 All patients were healing well at follow-up, except for some partial necrosis of one of the skin grafts and two of the rotation flaps. Only two cases described repair of the bony defect: one with a parietal bone graft 7 and one with split-rib grafts.
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The case we report is of a newborn presenting with an extensive area of ACC, large underlying bone defect and CNS malformation. The patient's skin and bone defects were treated non-surgically, and the patient was healing well at follow-up. In the reviewed literature, half of the cases of scalp ACC >3 Â 5 cm were treated surgically. Comparing the patients treated surgically with those treated conservatively, there was no significant difference in the average size of the defect (48 cm 2 in the surgery group vs 55 cm 2 in the conservative group). However, 88% of the patients who underwent surgery had underlying bone defects, compared with 62% of the conservatively treated patients. Three of the four patients with complications underwent surgery to repair their skin defects (the fourth patient died on day-of-life 7).
From the review we conducted, it appears that the cases of extensive ACC reported in the literature are equally likely to be treated surgically or conservatively, independent of the size of the defect >3 Â 5 cm. However, if patients experience complications related to ACC, surgical measures are almost invariably chosen. Also, if the underlying bone is missing, surgical procedures are chosen more often, presumably because of the increased risk of complications. We propose the following guidelines for treatment of extensive ACC (defects >3 Â 5 cm):
(1) Independent of the size >3 Â 5 cm, if there are no associated anomalies, including cranial defects that would increase complication rates, conservative treatment is adequate and preferred. (2) If bony defects accompany an extensive area of ACC, surgical treatment should be considered seriously. (3) If a patient presents with complications, surgery is the preferred choice.
Our patient with extensive scalp ACC accompanied by an underlying bony defect and CNS malformation was treated with conservative measures and recovered well. However, his initial risk of complications, including lethal sagittal sinus hemorrhage, was high. It is the risk of complications, success rate of the potential surgical options and the patient's overall prognosis that must be considered when deciding whether to treat extensive skin defects from ACC with surgery or conservative measures.
